SUMMARY We have investigated whether jejunal hyperacidity leads to bile acid precipitation and thus limits lipid solubilisation in patients with pancreatic steatorrhoea. Jejunal contents from 12 adults with steatorrhoea due to cystic fibrosis were aspirated for three hours after a liquid test meal, and pooled according to their pH. Thirty eight per cent of the total aspirate was collected at pH<5 in cystic fibrosis, compared with 18% in healthy controls (p<005). Forty six per cent of the bile acids were precipitated at pH<5, compared with 15% at pH>6 (p<001), leading to reduced aqueous phase bile acid concentration at low pH (4.7 mmol/l at pH<5 vs 12*5 mmol/l at pH>6, p<001). Aqueous phase lipid concentrations were reduced at low pH (5.6 mmolI at pH<5 vs 10-2 mmol/l at pH>6, p<001). Lipolysis and total fatty acid concentrations were greatly reduced and did not vary with pH. We therefore conclude that jejunal hyperacidity leads to bile acid precipitation in pancreatic steatorrhoea due to cystic fibrosis, and imposes a further limitation on lipid solubilisation over that of lipase deficiency.
In patients with pancreatic exocrine insufficiency, steatorrhoea is usually attributed entirely to the reduction in pancreatic secretion of lipase.
Pancreatic bicarbonate secretion is also reduced, and this might lead to a failure to neutralise the acid contents of the stomach on arrival in the duodenum,1 2 and thus to a reduction in the pH of postprandial jejunal contents. In vitro observations suggest that jejunal hyperacidity is likely to contribute, to the pathogenesis of pancreatic steatorrhoea for three reasons; (i) glycine conjugated bile acids precipitate out of aqueous solution when the pH is reduced to below about 5, 3 and hence may be unable to form micelles; (ii) fatty acids are protonated below pH 6 and partition out of micellar solution4; (iii) the three major pancreatic enzymes -lipase., trypsin and amylase -are progressively inactivated below pH 55 and this is likely to affect any residual enzyme secretion in patients with pancreatic insufficiency. We have shown in vivo that all three of these phenomena occur even in health, A much larger portion of the meal is likely to be affected in patients with pancreatic insufficiency, as bicarbonate secretion is also reduced. The importance of jejunal hyperacidity in limiting lipid solubilisation has been shown in a patient with Zollinger-Ellison syndrome.7 This problem has important therapeutic implications: pancreatin supplements protected from gastric inactivation by enteric coating fail to abolish steatorrhoea, but addition of cimetidine achieves almost complete abolition of steatorrhoea.8 It is not known whether this is achieved by prevention of enzyme inactivation, bile acid precipitation or fatty acid partitioning.
We chose to study a group of adult patients with pancreatic exocrine insufficiency due to cystic fibrosis, rather than alcoholic pancreatitis in which steatorrhoea is usually less severe. Pancreatic exocrine function is deficient in 95% of adult patients with cystic fibrosis9 and the resultant severe steatorrhoea often causes a therapeutic problem 500 because it is so resistant to pancreatin therapy."°In cystic fibrosis, gastric acid secretion may be increased," while in chronic alcoholic pancreatitis it is often reduced.'2 Pancreatic bicarbonate secretion is usually even lower in cystic fibrosis than in other forms of chronic pancreatitis,13 so that a much larger proportion of a meal may enter the jejunum at pH<5 in cystic fibrosis than in alcoholic pancreatitis. A reduction in bile acid pool size has been reported in cystic fibrosis'4 because of an increase in faecal bile acid loss'5 16 equivalent to that reported in patients with ileal resection. 17 It may lead to a further reduction in postprandial intraluminal bile acid concentration, as has been well documented in ileal resection.18
The aim of this study was to investigate whether a reduction in postprandial jejunal pH contributed a further limitation to lipid solubilisation over that imposed by lipase deficiency. We have therefore measured the proportion of a meal entering the jejunum below the critical pH of 5 in untreated adult patients with steatorrhoea caused by cystic fibrosis, and investigated whether bile acid precipitation and bile acid deficiency occur and limit lipid solubilisation below pH 5. To facilitate this, aspirates were pooled according to their pH in three pH pools; pH<5, pH 5-6 and pH>6. We used a technique of acid inactivation to arrest lipolysis in jejunal aspirate, which we have shown to be less cumbersome and more accurate6 than the conventional method of heat inactivation.
Methods

PATIENTS
Twelve adults (seven men and five women) with cystic fibrosis were studied, average age 23 years, average weight 52 kg. They all had documented Bedside steatorrhoea, but were not selected for the severity of their malabsorption Patients with severe chest disease or abnormal liver function were excluded. All patients were taking pancreatic enzyme supplements (pancreatin 5-25 tablets/meal) until the night before the study. Women with regular periods were studied within 10 days of the onset of menstruation. All patients gave informed consent according to the declaration of Helsinki. The protocol was approved by the local hospital ethical committee on 4 May 1977. The experiment involved a radiation exposure of 100 mrad to the whole body and 30 mrad to the bone marrow. Results were compared with those of a simultaneous study of 14 healthy subjects already described. 6 The methods used were exactly as described and referenced previously,6 and are given here in abbreviated form.
CLINICAL PROCEDURES
A weighted double lumen nasojejunal tube was passed under fluoroscopic control after an overnight fast so that its tip lay approximately 6 inches beyond the duodeno-jejunal flexure. A Lundh test meal (dextrose 40 g, skimmed milk powder 15 g, corn oil 18 g and polyethylene glycol 4000 (PEG), 2-5 g thoroughly mixed with water 230 ml) was drunk without pancreatin supplements. Frequent small samples of jejunal aspirate were collected over three hours and their pH measured immediately with a glass electrode. Half of each sample was treated immediately with acid to inactivate lipase6 and the treated and untreated samples pooled separately according to pH and hour as described previously (Fig. 1 ).
LABORATORY PROCEDURES (Fig. 1 (Table 2) pH Of the total PEG aspirated 38 2% was recovered at the critical pH<5, twice as much as in healthy subjects (17 7%; p<005) . This suggests that all the effects of jejunal hyperacidity described below are quantitatively more important in cystic fibrosis than in healthy subjects. In several patients the pH fell below four for much of the test period, and in one patient remained below three for the entire test.
The proportions of lipid aspirated at each pH paralleled those of PEG, indicating as in healthy subjects that these pH effects apply equally to the aqueous and lipid portions of the meal. PEG concentrations were similar at each pH, suggesting as in healthy subjects that gastric contents and pancreato-biliary fluid had mixed completely before sampling and that differences in concentrations of other substances at each pH were not because of differences in meal dilution. Overall mean concentrations of PEG tended to be only slightly higher in cystic fibrosis than in healthy subjects.
Pancreatic enzymes (not shown) Trypsin activity was not detected in any cystic fibrosis sample. Lipase activity did not in any cystic fibrosis sample exceed 5% of the healthy subjects overall mean, and in the cystic fibrosis group overall did not differ significantly from zero.
Lipid digestion Total lipid concentration did not vary significantly with pH, again suggesting complete mixing of gastric contents and pancreatobiliary fluid. Fatty acid concentration and lipolysis were both much lower in cystic fibrosis than in healthy subjects and did not vary with pH. Nevertheless, significant amounts were detected in cystic fibrosis despite the almost complete absence of lipase.
Bile acids There was a marked, significant reduction in aqueous phase bile acid concentration at pH<5, the pH 5-6 result being intermediate, but only a small pH gradient in total bile acid concentrations Intrajejunal acidity and bile acid and lipid cancentrations in cystic fibrosis 
